Background -Considering the high incidence of colorectal cancer (CRC) related deaths, many studies have investigated variables that can affect survival, with the aim of prolonging survival. The nutritional status can also be predict survival in patients with CRC. Objective -The aim of the present study was to evaluate if BMI, %FAT, PhA, PG-SGA, adiponectin levels, and vitamin D levels are relevant to the characterization and differentiation of patients with advanced CRC and patients with a history of CRC. Methods -The study was carried out by patients with advanced colorectal cancer (Group 1) and patients in follow-up after colorectal cancer treatment (Group 2). Nutritional status was assessed using the body mass index, body fat percentage, phase angle from bioelectrical impedance, Patient-Generated Subjective Global Assessment score. Adiponectin concentrations were determined using an enzyme-linked immunosorbent assay, and vitamin D levels were measured using high performance liquid chromatography. Results -Groups 1 and 2 consisted of 23 and 27 patients, respectively. The body mass index, body fat percentage, phase angle, vitamin D and adiponectin levels were not significantly different between the groups. The mean Patient-Generated Subjective Global Assessment score was significantly higher in group 1 compared with group 2, and was significantly correlated with the long-term mortality risk. Conclusion -Among the nutritional status parameters, only the Patient-Generated Subjective Global Assessment score was significantly different between the groups and was an important predictor of survival in patients with advanced colorectal cancer. HEADINGS -Neoplasm metastasis. Colorectal neoplasms. Obesity. Body mass index. Adiponectin. Vitamin D.
INTRODUCTION
More than 1.2 million new cases of colorectal cancer (CRC) are reported annually, resulting in 600,000 deaths. CRC has become the third most common cancer in the world, making it the fourth leading cause of cancer mortality (1) .
Considering the high incidence of CRC-related deaths, a number of studies have investigated factors that affect, or are associated with, mortality, with the aim of prolonging the survival of patients with CRC. The findings of several studies indicate that nutritional status can predict survival in these patients (2) (3) (4) .
Obesity, which is often assessed using body mass index (BMI) or percentage body fat (%FAT), is an important nutritional status factor associated with survival in CRC (4) . Baade et al. (5) and Kuiper et al. (6) reported that overweight patients with CRC had 25% and 55% increased CRC-specific mortality rates, respectively. Conversely, other studies have reported no difference in the risk of mortality between overweight and normal weight patients with CRC (7, 8) .
Bioelectrical impedance analysis (BIA) provides early predictions of nutritional status by calculating the change in the cell membrane and fluid imbalances. The phase angle (PhA), which is one component of the BIA, determines cellular health and nutritional status by calculating the resistance of body fluid and reactance of the cellular membrane. A high PhA score indicates a good cellular membrane function, while a low PhA is closely associated with cell apoptosis and decreased extracellular matrix compounds (9) . In previous studies using BIA, the prognostic value of PhA was demonstrated in pancreatic cancer, lung cancer, breast cancer, and CRC (10) (11) (12) . In addition, a PhA of <50% of the standard PhA was associated with a decreased physical function and nutritional status, and an increased mortality rate in a previous study (13) .
The Patient-Generated Subjective Global Assessment (PG-SGA) (14) , recommended by the Oncology Nutrition Dietetic Practice Group of the American Academy of Nutrition and Dietetics (15) , is a standard nutritional assessment tool for cancer patients. It emphasizes symptoms commonly observed during the treatment of cancer and includes a physical examination for the subjective assessment of nutritional status. The PG-SGA is an important tool that predicts survival (16) , and patient-reported outcomes are particularly important for survival prediction (17) .
Adiponectin is a 30-kDa protein hormone and cytokine that is secreted mainly by adipocytes, is structurally related to the collagen superfamily, and shares homologies with collagens, complement factors, and tumor necrosis factor-α (18) . It is the most abundant hormone secreted by adipose tissue and circulates as low molecular weight and high molecular weight multimers (18) . Epidemiological studies have suggested that circulating adiponectin levels are inversely correlated with the risk of obesity-associated CRC, and accumulating evidence supports an inverse relationship between circulating adiponectin levels and obesity, suggesting that adiponectin may mediate the biological link between obesity and CRC (19) (20) (21) . In addition, higher levels of adiponectin receptor expression are observed in CRC than in normal tissues, further supporting this hypothesis (21) . However, there is a paucity of data on the effect of adiponectin on survival among patients with established CRC.
The vitamin D hypothesis has received strong experimental support over the past two decades, based on the almost ubiquitous expression in colon cancer cells of vitamin D receptors (VDR) 1,2 and hydroxylase,3, which convert plasma 25-hydroxyvitamin D3 [25(OH)D] into 1,25-dihydroxyvitamin D3 [1,25(OH)2D]. Binding of VDR by 1,25(OH)2D leads to multiple cellular effects, including the induction of differentiation and apoptosis (22) , and inhibition of proliferation, angiogenesis (23) , and metastatic potential (24) .
Prospective studies have demonstrated that higher baseline plasma 25(OH)D levels are associated with a significantly reduced risk of CRC (25) (26) . Emerging evidence in the literature suggests an association between serum 25(OH)D levels and survival in CRC (27, 28) , however, the relationship between vitamin D and CRC-related mortality is not well understood (29) .
Although the BMI, %FAT, PhA, PG-SGA score, and adiponectin and vitamin D levels have been correlated with survival in patients with CRC, their prognostic utility in patients with advanced cancer is not clear.
The aim of the present study was to evaluate whether the BMI, %FAT, PhA, PG-SGA score, and adiponectin and vitamin D levels are relevant for the characterization and differentiation of patients with advanced CRC compared with patients in follow-up following treatment for CRC. In addition, we aimed to determine whether these variables are important for the survival of patients with CRC.
METHODS

Subjects
This longitudinal study involved outpatients treated between February 2011 and March 2012 by the Oncology Group from the Gastroenterology Division of the Federal University of Sao Paulo, Brazil. The patients were evaluated in a single moment and the survival was evaluated until the year 2016. The study was approved by the local Ethics Committee (Protocol 0826/10 and 0029/11), and all patients signed an informed consent form. There were two groups of patients: group 1, which included patients with metastatic CRC undergoing chemotherapy; and group 2, which included patients in follow-up following treatment for CRC and who had been tumor free for >6 months.
Data collection
The sex, age, treatment, site, death, and tumor stage data were obtained from the patient medical records. The nutritional evaluation and blood sample collection to measure serum adiponectin and vitamin D levels were performed simultaneously. All patients were classified according to the tumor-node-metastasis staging system (30) . The BMI was calculated as weight (kg) divided by height (m 2 ), and classified according to the World Health Organization criteria (31) . The PhA and %FAT were determined using the Biodynamics 450 ® analyzer and a standard protocol. PhA was calculated as the ratio between resistance (R) and reactance (Xc); R and Xc were measured directly in ohms at a single frequency of 50 kHz and 800 μA. All procedures and controls for other variables affecting the validity, reproducibility, and precision of the measurements were performed according to the National Institutes of Health guidelines (32) . The %FAT was classified according to the criteria by Gallagher et al. (33) .
The validated Portuguese version of the scored PG-SGA was used to assess nutritional status, which was classified as the following (34) : (A) well-nourished, (B) moderately undernourished or suspected of being undernourished, and (C) severely undernourished.
Adiponectin assay
Blood samples were collected in the morning after overnight fasting. The serum samples were clotted and centrifuged at 2000×g for 10 min and immediately frozen at -80°C for further analysis. Adipocytokine levels were measured using an enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, MN, USA), and adiponectin levels (with the sample diluted 4,000-fold) were measured using the DuoSet ® ELISA kit (DY1065; R&D Systems). The analytical methodology and technical procedures were performed according to the manufacturer's protocol.
Vitamin D assay
Current and active vitamin D concentrations were measured using appropriate high performance liquid chromatography equipment, which was calibrated using a standard curve, analytical standards, and controls. The standard was provided by Sigma-Aldrich (St. Louis, MO, USA; C9774), the control was provided by Chromsystems (25-OH-Vitamin D3 serum control, Bi-level I + II), and the calibration curves were validated daily, with minor acceptable deviations of 5%. Measurement of samples was repeated when the values were lower or higher than the reference range (20-120 ng/mL).
The average circulating serum vitamin D concentration was classified as deficient (<20 ng/mL), insufficient (20-29.9 ng/mL), or sufficient (≥30 ng/mL). For the average active vitamin D concentrations, deficient was defined as <15 pg/mL, sufficient was defined as 15-78 pg/mL, and high was defined as >78 pg/mL.
Statistical analysis
Data are presented as percentages or the mean ± standard deviation. Differences between variables presented as percentages were assessed using chi-square tests. The normality of the results was tested using the Shapiro-Wilk test. The normally distributed continuous variables were assessed using Student's independent t-tests and variables that non-parametric used Wilcoxon test.
To evaluate adiponectin levels and the PhA, a cutoff value was established for the population studied due to the lack of specific values for cancer patients. The values were divided by the distribution of the proportion of observed frequencies for both groups. The data were separated into quartiles, and the first quartile was defined as predictors of low levels and undernutrition for adiponectin and PhA, respectively. Survival analysis was conducted using the Kaplan-Meier method and evaluated using the log rank test. The SPSS 20.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analyses. p < 0.05 was considered statistically significant.
RESULTS
Among the 50 patients who were eligible for the study, 23 were in group 1 and 27 were in group 2. Sex and age were not signifi-cantly different between the groups. The majority of group 2 had stage II tumors (51.8%). In both groups, the samples were collected predominantly during the winter. According PG-SGA, 47,8% and 25,9% patients were moderately undernourished, respectively in group 1 and 2 (TABLE 1) .
The BMI, %FAT, PhA, and 25(OH)D, 1,25(OH)D, and adiponectin levels were not significantly different between the groups, although the values were generally lower in group 1. The mean PG-SGA score was higher in group 1, median 8 points compared with group 2, median 2 points (P=0.002) (TABLE 2).
In the crude Kaplan-Meier analysis, the BMI, %FAT, PhA, and 25(OH)D, 1,25(OH)D, and adiponectin levels were not correlated with the long-term CRC-specific mortality risk. Only the PG-SGA score was significantly (log rank P=0.031) correlated with the longterm mortality risk (FIGURE 1) .
DISCUSSION
In the present study, the majority of the parameters of nutritional status (BMI, %FAT, PhA, and serum adiponectin and vitamin D levels) did not differ significantly between patients with advanced CRC and those with previous CRC. However, the PG-SGA score differed significantly between the two groups of patients, and was significantly higher among the patients with advanced disease. The PG-SGA score also served as a prognostic factor; patients with severe malnutrition had lower survival rates.
An association between PG-SGA scores and mortality has been reported previously (16) , and patient-reported outcomes were shown to be important for predicting survival (17) . One hypothesis for the PG-SGA score representing the only difference between these groups was that it was the only parameter that was not directly influenced by obesity. Even overweight patients can have a high PG-SGA score as a result of weight loss, symptoms that interfere with food intake, changes in functional capacity, and the physical examination.
In the present study, PhA values were lower in the patients with advanced CRC than in the patients with a history of CRC, as described in previous studies (12, 13) . However, a significant difference between the groups was not observed in this study. Those patients with a PhA value below the first quartile have a worse prognosis. One limitation of the interpretation of the PhA value as a prognostic index may be related to not only the analysis approach, but also the period.
The lack of significant differences in the BMI, %FAT, PhA, and adiponectin and vitamin D levels between the two groups in the present study may have been due to the similar percentages of overweight or obese patients in the two groups (approximately 40%). In the present study, an association between obesity and disease progression in CRC was not observed. Previous studies have demonstrated that being underweight is associated with an increased risk of death due to cancer progression-associated weight loss (7, 8) .
Obesity, as indicated by the BMI and %FAT, might justify the low serum adiponectin and vitamin D levels. High BMI and %FAT are reportedly risk factors for CRC (4) (5) (6) ; this is supported by the similarities in the variables between the groups in the present study. Regarding the risk of disease recurrence, a consensus regarding the association between insufficient serum vitamin D levels and an increased risk of recurrence has not been reached, although there is a tendency to replenish vitamin D in patients with CRC and low vitamin D levels. Data are presented as the mean ± standard deviation or n (%). BMI, body mass index.
Serum adiponectin levels are associated with obesity, the risk of CRC, and a poor prognosis (20) . In the present study, the serum adiponectin levels did not differ significantly between the two groups, and there was no correlation between the different adiponectin quartiles and survival; however, patients with adiponectin levels in the first quartile had lower median survival rates.
To date, studies have shown that the pleiotropic roles of adiponectin in carcinogenesis are complex and controversial (20) . Anti-carcinogenic properties for adiponectin have been attributed to the activation of the adenosine monophosphate-activated protein kinase (AMPK) pathway, leading to apoptosis and inhibition of proliferation (18) ; direct inhibition of the phosphoinositide 3-kinase/protein kinase-B pathway, which is responsible for cell survival; and modulation of insulin sensitization and inflammation (18, 20, 21) . Conversely, adiponectin was shown to promote oncogenesis through stimulation of pro-inflammatory cytokines, such as interleukin-8, inhibition of apoptosis via activation of AMPK/Sirtuin 1/peroxisome proliferator-activated receptor gamma coactivator 1 alpha (18) and promotion of angiogenesis, and colonic proliferation (18, 20, 21) .
Since adiponectin regulates signaling pathways that consequently affect serum levels, the similarity in adiposity between the groups was more striking than the presence of a tumor in the present study. However, the evidence relating to adiponectin in the present study might be limited by the small sample size, single dose, and analysis of the total adiponectin level, rather than high molecular weight adiponectin.
A better understanding of the relationship between the analyzed variables and CRC is required. In addition, monitoring of these variables is needed to assist clinicians with possible interventions and to estimate survival with improved accuracy. Despite the importance of this study, some limitations were present, including the sample size and that approximately 40% of the patients were overweight; therefore, sufficient power might I  I  I  I  I  I  I  0  1  2  3 I  I  I  I  I  I  I  0  1  2  3  4 I  I  I  I  I  I  I  0  1  2  3  4  5  6 Survival time for colorectal cancer (Years) I  I  I  I  I  I  I  0  1  2  3  4 not have been present to demonstrate differences in the variables. Furthermore, the cross-sectional design did not allow for evaluation of longitudinal changes. PG-SGA is a tool considered important for nutritional diagnosis and also for patient survival. However, depending on the moment the patient is evaluated, PG-SGA will not be effective to correlate with survival (17, 35) . It is observed that changes in body composition (36) , such as body fat in FIGURE 1B, can be related to the survival of the patient with CRC.
The comparisons of nutritional status parameters between the patients with advanced CRC and those who were undergoing follow-up showed no significant differences in the BMI, PhA, %FAT, and serum adiponectin and vitamin D levels between the two groups. The PG-SGA score was significantly different between the two groups and was an important predictive parameter for survival in patients with advanced CRC. We recommend that additional studies involving longitudinal monitoring of nutritional parameters be performed, in order to determine the sensitivity to changes at different time periods and to predict survival. This should allow the best treatment plan to be determined based on the nutritional status of a patient.
